CHAPTER I

THEORETICAL BACKGROUND AND LITERATURE REVIEW

Theoretical Background

2.1 Inkjet printing

2.1.1 Review
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launched a massive development program to adapt continuous inkjet technology for

recorders for analog

their computer printers.> At approximately the same time, Hertz of the Lund Institute
of Technology in Sweden and his associates independently developed several
continuous inkjet techniques that had the ability to modulate the ink flow

characteristics for gray scale inkjet printing. Many of the drop-on-demand inkjet



technologies and systems were invented, developed, and produced commercially in
the 1970s and 1980s. In 1979, Endo and Hara of Canon invented a drop-on-demand
inkjet method where ink drops were ejected from the nozzle by the growth and

collapse of a water vapor bubble on the top surface of a small heater located near the

nozzle. Canon called the technolog e Jet”. In 1984, Hewlett-Packard

commercialized the inkjet printer. It was cessful low cost inkjet printer

because of their low cg mietngss, and particularly their color capability,

the thermal inkjet or b 1 ﬂ' vame th -\o alternative to impact dot-

matrix printers for hom 1 smdll businesses Inkjet printers offer quiet

operation, high speed, and comp v with various substrates. The inkjet

technology is one of the ‘Tof usings odgetion of color graphics.

With its ability to reprod : 11‘ onsistent color fidelity

and fine detail, inkjet rﬂmology is the best current candiddte for use as a hard copy
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Inkjet printing is a non-impact printing, which microscopic ink drops are
emitted under pressure through the print head nozzle onto a substrate. In 1878,
Rayleigh first analyzed the mechanism by which a stream of liquid becomes unstable

and breaks into droplet.> The size of print head nozzle can vary from 10-100



micrometers depending on the technology. There are two main technologies applied

to inkjet printers, continuous inkjet and drop-on-demand. Their application can be

further subdivided as indicated in Figure 2-1.
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forcing ink under pressure (about 3 x 10° Pa) out of one or more nozzles. The working

principle of this system is shown in Figure 2-2.% A liquid jet tends to break up into a

stream of droplets of a size and frequency determined mainly by the surface tension of

the liquid, the pressure applied to it, and the size of the nozzles. Applying a high-

frequency alternating voltage (possibly up to 1 MHz) to a piezoelectric crystal in



contact with the ink in the reservoir is a method to regularize a stream of uniformly
sized and spaced droplets. The ink droplets are moved towards at a speed of 5-35 m/s.
The ink stream undergoes a charge/no charge condition by the binary switching. Each
individual ink droplet passes through a high voltage field of approximately 2000 V.
Uncharged drops pass through tf " eld, which are deposited onto the
substrate to form part of an %@ a 200 V charge applied to

them. When these charged dieps™pass through the oltage, they are repelled by

the 2000 V electrode and™ deflc \\l\
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technologles is that in the latter, the pressure applied to the reservoir is not
continuous, but is only applied when a droplet is needed. The pressure is applied in
response to digital electronic signals from the imaging computer. The velocity of ink
droplets usually ranges 10-20 m/s. Depending on the mechanism used in the drop

formation process, the technology can be categorized into four major methods:



piezoelectric, thermal or bubble, electrostatic and acoustic. Both the electrostatic
inkjet and acoustic inkjet methods are still in the development stage with many

patenrs pending and few commercial products available.

a. Piezoelectric

chamber may be in ‘end open as an orifice. An

electrical driving pulse ne of ink to decrease. The

ink droplet is then directly & t “h 10zzle onto @ print substrate so that the

L\

tr,r ik L] .
can be classified into four types squeeze, bend, push, and shear mode as shown in

deflection part of ink droplet i age. The driving technology

Figure 2-3.2
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Figure 213 Piezoelectric inkjet designs: a) bend mode b) push mode ¢) shear mode

b. Thermal inkjet or Bubble jet

The bubble jet printer (Canon) uses a small heating element to create

pressure droplets on demand within the ink reservoir. The small quantity of ink



presented in each nozzle is heated by a resistive heating element actuated by the
digital data stream. The ink boils creating a bubble which forces an equivalent volume
of ink droplet through the nozzle and onto the substrate. This system is shown in
Figure 2-4.° A disadvantage of this method is that the dye in the ink would precipitate

and build up at the internal surfa

super-heating of ink layer.
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decomposed ink on th
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heater is used t3-create droplets on demand. The dlfference lies 1 m nature of the

k. v e b ) ’%p%’l@n%ls ofclord

wax, one for each printing color. The wax is melted into a reservoir where it 1s kept

fluid by a heating element. Figure 2-5 shows the schematic diagram of a working
principle of a hot melt inkjet printer®. The hot, liquid ink is pumped through set of a

nozzle using thermal drop-on-demand technology. On reaching the substrate, the ink
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solidifies on its surface. Because the ink is not substantially absorbed by the substrate,

high color saturation with a wide color gamut is achieved.

The viscosity-is @ i \ the inkjet ink for jetting the

ink from the print tﬁyj“‘—‘——““ “as . : E fof ‘formulating an inkjet

formula. The low viscmty is important not only for transport of the ink through the

nozzle, but als ﬂ g ﬁ‘ W ge of inkjet ink is
epending on the proces

around 2 to 8 s.” A humectant such as ethylene glycol is
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degree o dye crusting precipitated in the bubble inkjet system.
2.1.3.2 Surface tension

Surface tension is one of the primary factors determining where the
actual drop will formm in continuous inkjet printers. In drop-on-demand printers,

it helps to regulate the controlling of concave meniscus to hold ink in the system.
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Surface tension also influences the dot spreading on the surface of the printed

substrate. The range of surface tension is around 22-55 mN m.

2.1.3.3 Conductivity

The conductivity of in \\ ; Wgher than 1,000 uS cm™ at 25°C.
In the case of a continuous iukjet p intes plet must be able to accept an

applied voltage. The charged and-wncharg droj ly to the different trajectories

when they pass through iofVoltdoa, fie ~ Because of the charge repelling, the
charged droplet is deflected’ the gut Fo ] ; ‘ arged droplet, it passes

1 some printing processes,

The pk ) torsoftheinksuchas

{ '”777‘

hue, pigment dispers ikt the anionic pigmented

ink causes the plgmerycoagulatmn in a storage contam@ or clogging in the print

nozzle. The oﬁﬂﬂ W W?W mﬂﬁﬁle pH of the ink is

highly acidic. Pﬂnented inkjet inks that are sultable to use with inkj eqt;rmtmg system
s RN IR U N INYIAY

2.1.3.5 Particle size

The particle size of any materials in the ink has to be smaller than 1

micrometer. Most typical by, a central range is 80 nm to 300 nm as a mean value.
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The large paﬁicie size in the ink leads to the jet instability or clogging the nozzle.

These problems are usually found in the pigmented ink.°

2.1.4 Inkjet Ink Composition

2

Ink formulations no lictate the q@ printed image, but they also
determine the drop ejec( 1¢s ‘: d the e , s ty of the printing system.

Inkjet ink mainly consist, is composed of aqueous

\\ .
1a ility o ormation and preventing

‘

evaporation. Furthermore %ﬂ:}' ng e1 Tt s o ¢ bmder resin, and additives

organic solvents to gi

are added to the inkjet i dhesion strength on printing

substrate, and smear resistanCe. ;Fhc-water-b inkjét ink composition is shown in

Table 2-1.2 _ L

=3 -

Table 2-1 Water-based inl

o . /s

e ﬂ-?%ﬂ-%m%#w-ﬂim% —
Deionized water) ‘queous carrier medium 60-90

RWTH mmmmw PRy °

Colorants Provides color 1-10

Surfactant Controls the flow property on the print head, 0.1-10
wetting, penetrating

Biocide Prevents biological growth 0.05-10

Buffer Controls the pH of ink 0.1-0.5

Other additives Chelating agent, defoamer, solubilizer etc. >1
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2.1.4.1 Vehicle

The role of vehicle is to transfer ink from the printer to the printed

substrate. The majority of inks used in home and small office inkjet printer, are water-

liquid, such as humectant.” S

based ink. The vehicle often comprised of water and other relative low surface tension
ts are glycol, glycerol, and poly

(ethylene glycol). Humectants™ “adde jto é&) purposes: the first one is to

retard the evaporation y intt ; (e second is to act as a dye

=

clogged. If the quantity i il E 25100, lonig time to dry on the printed

e orifice nozzle may be

substrate resulting in too adi o0 nd nfil :\\ There should be a fine line

s ink to avoid both failures. >

R _—
’Ihe me"m'ﬂr;‘.r‘: At 11060 1] -

et formulation are dye

V.o g -i
and pigment. Dyes arﬂene ofﬁ@ or home office (SOHO)
inkjet printer or indoor applications, but pigments are preferred to use for outdoor

appiatios aﬂuﬂ’m mg TINYINT
q T Pl ﬁJWM@}Wﬁm as light

fastness and water fastness. In pigmented-based ink, colorant exists as discrete
particles, typically ranging in size from 0.05 to 0.3 micrometer. Each pigment particle
contains a large number of molecules. These pigment particles are usually pretreated
with functionality known as dispersants or stabilizers, which serve to keep the

pigment particles from agglomerating and settling out of the carrier.* The pigmented
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inks have the limited use in inkjet application because of the problem with solubility,
particle size, and opacity. Pigment is sometimes coagulated when the ink is kept for a

long time.

Dyes have the advantage of being water-soluble. However, the most

dye-based inkjet inks have the y water fastness, smear fastness,

ink also reacts to humidity,
E———

oxidative molecules like( ozone and NO,"Besides, the light fastness 1s
a thoughtful problem for jet inks, consequently they are not appropriate
for outdoor applicatio ly. ~dye-based. ir \ inks predominate the

pigmented inkjet inks in s “sug  brighte ‘ or more transparency, bigger

color gamut volume, etc. stabilic of ¢ ed inkjet inks is long with less

@ particular application

depends on which prépe ! ‘ cy, coloring power,

choice/synthetic flexibility and ease of use are ranked agaimst excellent light fastness,

insolubility mﬂrﬁlﬁﬁwﬂeﬂ%’ﬂ mﬂi%ems in non-impact

printing is showtin Table 2-2.3

0 mmgz;u NN Y

Inkjet inks usually contain a small amount of binder (0-10% depending
on the type of resin and print application) because of the viscosity limitation. If the
level of resin in the ink is raised up, the viscosity increases, and it also affects the ink

stability and nozzle clogging. In some applications, a binder is added into the ink for
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some requirements such as increasing adhesion, gloss, abrasive and water resistance.
In the inkjet textile printing, more binders are used to form the same printing

atmosphere as that of screen printing,

2.1.4.4 Additives

Non-impact printing

technology Dy _ Pigment

Inkjet

e Aqueous (SOHO use)

¢ Aqueous (Industria

\7
e Oil type m

g Y AINENINYINS
)

e Solvent type

7 ARIANTAUNIIY

e Colorants

e CCAs v
Thermal
e Wax v

o D2T2 v
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2.2 Screen Printing

2.2.1 Review of Historical Screen Printing

Screen printing is conside historians to be the oldest of the

printing processes, although block printing to be older. The

actual beginning of scre otieand difficult to prove. The Chinese,

Egyptians, and Japane dited with the first use of a stencil process.
The Japanese were the'first 46 . sere l. . e

In Japan, the artigt'c : ‘ﬂf \\\0 paper. Silk or hair was
sandwiched between the ; _ ( ; _, : \ n. The process of stencil printing

\

to the American colonies.

In America, many “contributed the progess by experimentation.
e LY
In 1914, Jonh Pilswartel, art

U
screen printing process. |

B M AN ENENE AT s e
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Several years later, Joe Ulano, a New York screen printer, developed his own

perfected a multicolor

knife-cut stencil called Nufilm. D’ Autremont, and Ulano became involved in a court
battle over the patent light, which was eventually settled in favor of D’ Autremont.
However, Ulano’s Nufilm was a better, more easily used stencil, and it became the

standard of the industry.
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With a working stencil now available, paint manufacturers saw the potential of
a new market for their products, and screen printing became an established industrial

process.

The applications for screen printing were limited by the available stencils

'%War II, screen printing began to
neth

ification for military vehicles

: S ———
and related equipment. 7 . \‘

(all hand cut) and inks. With

have wider applications, es

Modemn screen ' 1 the 1940s Jandl 950s, new materials and
production techniques e~ Today, sereen printing is still the slowest

printing process, yet T ologieal- adyance mue to improve the process

Screen printing (fopmerly called silk-screen printing) is a stencil process

hezehy ink is%nuﬂ oAb & e Elocd T by o e ttric

of the m ﬁ)l e-?pj' ¢ Tlori-1 ge areas and 1 7op image area.

This image carrier is called the screen.

During printing, the frame is supplied with ink which is flooded over the
screen. A squeegee is then drawn across it, thereby forcing the ink through the open

pores of the screen. At the same time, the substrate is held in contact with the screen
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and ink is thereby transferred to it. The principle of screen printing is shown in

Figure 2-6.!

"‘f
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Screen print' v -o 5 to the certain printing
and finish specificationt |

;
AU MENIHIRT st

As disc sﬁyier this 1s ad anﬁo S 11 givi gTe S fnt. If screen ink
has excegsive'flo @egmbﬁa dm&: ubblifig on ing and slurred

prints. Although lack of flow is desirable, ink with very poor flow will not flow out

2.2.3.1 1s§osity

once printed to remove the pattern of the mesh from the printed ink film. Average
printing viscosity of the screen ink would be 15-20 Poise (1.5-2.0 Pa s), but it may be

much higher.
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2.2.3.2 Drying
Screen printing is almost unique in that it is possible to employ all
available methods of drying. However, the most important drying method is

evaporation. Most screen inks contain volatile solvent, sometimes representing 70 %

of the formulation. In addition, dry ion method and ultraviolet curing is
also used.

2233F

Screen acterized by thick and
opaque ink film. Howeder, deVe w enfs in mesh materials, stencils and ink
technology have made. le 10 -_ r v, \\ thickness approaching that

obtained with gravure. A would be 8-30 pm.

2.2.4 Screen ; ______________

In common, all séreem inks are macl-f?ﬂof two basic components, which
1

composed of vehi uﬂlgemﬂ V] ’j Hﬁ' ﬂ ‘i
QRARRIUNAINYIAY

The vehicle contains a volatile solvent and a binder. The solvent with a
necessary flow property renders the ink adaptable for printing. When the solvent
evaporates, the binder remains on the printing surface to form a protective film around

the pigment particles, keeping them permanently adhered to the surface. The
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component ingredients in the vehicle determine the finish and other working

properties of the ink mixture.

2.2.4.2 Pigment

the optical properties g ; are of prime importance. The most obvious

of these properties is th “However, a pigment may

also be required to 1i 1 OSt) critid :. “in_paints which are generally

required to obscure the ' e high transparency may

. L i 7 .
be essential, for example muliics ’* {ing processes, where the optical
‘r F _:r'* -..:" 7 L

effect of first color printed must notbe-obscur
LN

by subsequently printed colors.'* The

end-use requirement i I itable pigment. Due to the

numerous applicatioris of : guited of a colored pigment

iderably. p | £
AULININITNYINT
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The dyed style is probably the earliest method of textile printing, for 2,000

years ago. Many types of dye formulations: direct dyes, vat dyes, acid dyes, basic
dyes, reactive dyes, etc are in use. In the family of dye compounds, vat dyes have
excellent fastness to light and washing, and therefore are used extensively in

commercial textile printing.'* Another essential feature of dyes used on textiles is that
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they are expected to be ‘substantive’, which means that the dye molecules must enter
the fibers and become physically or chemically attached, so that they are not removed
in subsequent processing, for example when a garment is being washed. However,

another problem is the difficulties to improve lighfastness from ink composition. Of

course, pigment once designed and | np d in textile printing system can be
re becoming more popular due
to their enhanced durability ofiihe ink systems ere; e main driving force for

choosing pigments instga of wet post-processing needed

3 -‘\”\\

applied to the substrate in a

for fabric dyeing. Pi of both materials and
processes compared t
vehicle or binder fo u\n ace, there are no chemical

appears, and the colors may

v X

2.4 Cotton m m
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e origin o cotton is unknown. Archeologists have contributed valuable
information concerning the fiber’s early use, but there is a dearth of evidence to
indicate when or where cotton first grew. Data suggestion that cotton was grew in
Egypt about 12,000 B.C. remain inconclusive, however, most authorities agree that
cotton was produced in India about 3,000 B.C. and that India was the principal

country in which cotton was widely utilized before 2,500 B.C."
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The word “cotton” derives from the Arabic word quoton or qutun, which
means a plant found in conquered lands. Muslin is also taken from the Arabic
language and was applied to cotton woven in Mosel. Ancient writers described this

cloth as being “so sheer that it was invisible when spread over the ground and

Cotton 1s the most e&\. Cotton has a combination

of properties of durabili( asy washability, and comfort that have made it

N
y\

combination of propertiesgfias Maflg/cottorna standard, for great masses of the world’s

saturated with dew.”

d sheets. This unique

people who live in warm afd 3 \ through the man-made fibers

have encroached on the maark \ ated by 100 percent cotton
fabrics, the cotton-look is still ton forms up to 65 percent of the

fibers in fiber blend fabrics.'®

L
AU INYNINYNS

The cotté fibers composed of cellulose molecule which con51sts of series of

o QA R BRI PR B

The gluc%se unit is made up of the chemical element carbon, hydrogen, and oxygen.

2.4.2 Cotton anr

The cellulose molecule is made up of a number of units linked together, as shown in

Figure 2-7."°
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Figure 2-7 &u@" //

Itis a long-cha adé up o \"‘m

\\\

f the whole strength of the

at are linked together by
valence bonds. The s
chain could be utilized 4t woll. Ve Streng \\ ten times as great as that of
the strongest cellulose ; \ iich can bend and twist to
some extent, particularly sen the rings of atom, so that it is
flexible. Protruding from the chair et OH) éroups, which can link up with
other hydroxyl groups b S 7R onds E §" results in the linking
together of neighbo: Y;‘_u e molecules can also be

attached by the same ort of bond. The chexmcal struﬂlre of cellulose is very

““”“am““’ﬂ“ﬂ“ﬁ‘?% RFNETNT

CVOE IR DLV 111V
linked together by drogen?; n n—cﬁl 'egms ne-third of

the total in native cellulose) are often referred to as amorphous or disordered regions.

There is, however, no evidence that the arrangement of the molecules is completely

irregular, and there will be some degree of order in the non-crystalline regions.
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Cotton, except | fiber with low luster. It is

often bleached to impro

\

2.4.3.1 The

Cotton b readily arid he smell of burning paper. It

leaves a small amo -;;‘ “Thuffy gray ,,E' d dry heat above 149°C
o

(300°F) will cause theﬂber to decompose gradually and.the temperature which is

greater than 2Wﬁ?j)fjlwmﬂﬂﬁﬁal expaute iy losat

encountered in futine care and processmg will not damage cotton, but fabrics will

TR T4 WAL G B o

increase ane tendency to scorch.
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2.4.3.2 Chemical Property

Cotton is highly resistant to alkalies; in fact, they are used in finishing
and processing the fiber. Most detergents and laundry aids are alkaline, so cotton can

be laundered in these solutions with no fiber damage.’

Strong acid destroys ot dilute acids will cause

disintegration. Cold dilut : auses gra uw(emng, but the process is
slow and may not be '_ e1ig s _highly resistant to most
organic solvents and ain removal. Prolonged
exposure to sunlight wall'cause ‘ : DI e to be ellow and will gradually
result in loss of stre

some vat dyes, and some ope red in dry and dark areas, cotton

will retain most of its stren:
2349

Vanousmucroorgamsms damage Cottonm\/hldew will produce a

disagreeable oﬁ ﬂl ﬂ ﬁw HW(EI 91 ﬂnﬁh Certain bacteria

encountered in Hot, moist, and dry condmons will cause decay. Moths and beetles that

o S P ) B4R Do

cellulose especially if it is sized."”
2.4.3.4 Comfort property

Cotton makes very comfortable skin-contact fabrics because of its

absorbency and its good heat and electrical conductivity. It is lacking in any surface
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characteristics, which might be irritating to the skin. Cotton has a moisture regain of
7 percent. When cotton becomes somewhat plastic, this property makes it possible to
give a smooth, flat finish to cotton fabrics when they are ironed, and makes high

count woven fabrics for water repellent.”’

3.5-4.0 g/d, it is stron: Long staple cottorrmakes stronger yarns because
there are more points pey are twisted together.
Cotton can stand rou; ation of cotton is low, 3

percent, and it has low eldstig

2.4.3.6 Care pi

Cottonsfibe n a bit when wetted but on

- -

drying their original lexig A fabrics is not the result of

any property of the ﬁbﬂ but rather is a result of the ﬁnishﬂ of the fabric.

‘o v
b ot 5 30 el ) coon an e
Y
washed with stronéieterﬁnts and fnder propersgonditions, as #.ivill withstand
5

e AN TN A

cleaned. Fungi especially in starched fabrics attack Cotton.

O

Cotton oxidizes in sunlight, which causes white and pastel cottons to

yellow and all cotton to degrade.'®
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2.5 The textile testing

The two groups that have developed the most widely used textile testing

methods are the American Association of Textile Chemists and Colorists (AATCC)

and the American Society for Testing 4 Ws (ASTM).%?

The American Ass extile gld Colorists is composed of

persons from the textile i

v, texiile chemists, others working in
" &

varying segments of the {g 5. The Association establishes

testing methods, largely 4fi’ st g, and maintains an active

educational program implé and, regional meetings, and a

monthly journal, the AATC ethedologies are fully described

in an annual publication, the

Tests establishég i r Testing and Materials are more

V. A

specifically focused 6, ing~of fabric construction.

The ASTM test methods published annuafly in a set are the good source for material

e @4 INYNTNEING
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The methods attempt to provide a way of expressing colors numerically, in
much the same way that we express length or weight. For example, in 1905 the
American artist A.H. Munsell devised a method for expressing colors, which utilized

a great number of paper color chips classified according to their hue (Munsell Hue),
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lightness (Munsell Value), and saturation (Munsell Chroma) for visual comparison
with a specimen color. After a variety of further experiments, this system was then
updated to create the Munsell Renotation System, which is the Munsell system

presently in use. In this system, any given color is expressed as a letter/number

combination (H V/C) in terms of i \\\ w lue (V), and chroma (C) as visually
evaluated using the MunsellsColor zré&methods for expressing color

numerically were developed bysan ation concerned with light and

color, the Commission adtionale/ de\ Il airage ,-.“ . The two most widely
known of the these methodsfarg thel Y xy ealor space devised in 1931 based on the

tristimulus values XYZ a*b* color space, devised in 1976

to provide more uniform ¢ differences dn ze \ to visual differences. These

\

color spaces are now use orld for color communication.

Methodology for measuring coler is sually classified into three groups:
_FhYA T .

densitometry, colorimets

2.5.2 Stiffness ‘, - v
AUEINYNIWNEING

Yarn stiffness is related to fiber stiffness. It ig not possible tqtylake a flexible
yam fraql ml’i-llﬁeqlg @MM;]D’JM &Lmﬂgl’med in the
yarn will affect yamn flexibility. It is easy to see that more tightly twisted yamns, in
which fibers have less freedom of movement, will be less flexible. The most flexible
yarn of all should be one in which the filament fibers are combined with little or no
twist. The least flexible yarns should be those in which the fibers are boned together

by an adhesive or fused by heat or chemical means. An excellent example of this
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principle can be seen after a heavily-sized fabric with a water-soluble sizing has been
laundered. The fabric after laundering will be much softer and more flexible when the

sizing that has held the fibers together has been removed.

Stiffness is the ability of a material to resist deformation. In the case of a yarns

//x; ability to resist elongation. The

- ular weight, the natural

subjected to a tensile force or

units for stiffness are grams

Stiffness emb
rigidity of cellulosic ght about by hydrogen
bonding and van der \Wlalsfforges. and th 1 of the cellulose chains with
respect to the axis of thedfibes ‘ C ) coef \ s of birefringence and spiral
. & rig 4 were 0.45 and 0.65, which
denotes that orientation of celluldse S mportant factor influencing stiffness.
It could, therefore, be b1 ' gence, the stronger,

tougher, and stiffer thed;

Average stiffnessgisothe stiffness ofya material from its original state to

breaking pointﬁ luﬂtgomﬂnmma&mﬁmkmg strain, and

=

"

IR

The flexural rigidity or stiffness of fabrics relates to their overall mechanical

Y 4E) ik b

material with regard to the stiffness quality.

integrity and comfort. Test methods and fundamental studies have focused on the
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mechanics of bending, stiffness and the measurement and prediction of fabric

drape 26-28

2.5.3 Colorfastness

The colorfastness of fabries to a vaue ubstances and conditions can be

measured by the use of a W e o f /@ methods and machinery.22
Some fabrics lose col ok O bing gainst another fabric. Some

fabrics crock when dry, squi€ v // Vv

Machines have ing, or “crocking”, but a

simple test is to rub the fbri apped around the finger,

first with the white fabric d; the surface color is not fast

to rubbing, it will stain the white Tabric.>"
ﬂ"jﬁ_

A laborato vice-called-a-Crockinetei-can-be .,: or testing for crocking

works on the same prmE)le as

the fabric to be tested. @ &,

ﬂ‘L!EJ’JWEJV]‘iWH’]ﬂ'ﬁ
asmmmm UNIINAY

Comfortable garment textiles should breathe and the benchmark for this

nbbing a@'hite fabric sample across

characteristic is air permeability. Poor air permeability and smooth surface structure

gave the first synthetic fiber a negative image. Today, microfiber fabrics and/or with a
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loop structure have sufficient air permeability to ensure wearer comfort. Air

permeability depends on the yarn and fabric structure as well as finishing.*’

Air permeability is the ability of air to pass through a fabric. Obviously, where
openings between yarns or between fibers within yarns are large, a good deal of air

will pass through the fabric. Contrariwisé Vy i;pact yarn are packed tightly into

f air through the fabric is

i i 1 a5 ¢ i plastic fabrics decrease air
permeability by causin: ¥ :'.'- \\\\‘\ brics may be coated with
another material that ¢ nterstices. ‘ \\ \. o make garments warm
enough for sports such as#Skiifig i ’," yving air may cool the athlete, a fabric
with low air permeability (suc ':.i{.'.*. osely nylon) may be combined with
materials of low thermal ¢ tivity (such as ogacrylic fiberfill or with

pile fabrics) that trap V se to | A )

BJ 2
Revin ofvasﬂnﬂJc&le’J 1 ﬂ NINYINT
AR] AINIUNAIINYIAY

The traditional screen printing uses a master for printing, whereas the digital
printing is designated by the computer driving the printheads and has ability to change
designs quickly. The pigmented inkjet ink eliminated the wet post processing thus
promises low cost of both materials and processes compared to dyes. Nevertheless,

the inkjet has very low viscosity, bleeding and wicking properties take place when
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printing on textile. The pigmented textile inkjet printing has been advanced for agile

manufacturing and distributed printing in the future.*

The ink droplet is ejected through the nozzle orifice onto the fabric surface, its

low viscosity liquid is liable to spread laterally by capillaries effect, i.e.,

J
’ﬁ&) is not pretreated with a
thickener/antimigration a : i @es after-treatment or post-

or reduction cleaning (for

disperse dyes) to rendegaWell«fixed brigh rs. It would be the textile industry’s

most preference to ayéid ghe' trat ent \and even pretreatment, ie., the

intensity are recognizgd as good p ty e /definition and no color

interference. >

_— ﬁ@é,‘?ﬁq R PRI F} e rocuss

controlled to a%bstantial extent by ghe drop formation characteristics of the system
wre b Bhip| i el ey b e ar
importatlllt factors controlled by the compatibility of the inkjet printer, ink and
substrate. Dot placement accuracy, of course, affects print quality. Misplacement of
adjacent drops may cause ragged edges, void and loss of optical density. The

impression of color value is another important aspect of print quality. Whiteness of
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substrate, definition of character edges, drop uniformity and spatter combined with

optical density produce the perceived color value patterns.

The development of low-viscosity inkjet ink to meet the required properties

for the printed fabric by inkjet a mixture of monomer and oligomers that can be post

|
y/ﬂa et al.>> Some properties of the
foraula@ed to rotary screen printed

ot identical, the difference

// \\\ hat the inkjet printed fabric
N\

showed comparable prope : c' ve t n\"i\ DI fabrlc

polymerized on the fabric, was

fabric printed with the ex

fabric. Although the fab

in properties before and 3

The research work offTsé and’t iggs’® focused measuring methods for print
quality of digitally printed‘texgile. I;, Ahat visual quality of the inkjet printed
cotton fabrics was as good as th SR paper. The effects of several key
fabric properties on pfin pfoperties studied include

. g\
fabric structure, yartsiz “‘- ent. The test results

suggested that the most’ 1gmﬁcant fabric vanables are fabric structure, yarn size and

the hYd“’Phﬂwﬁ“”d*ﬁ’?% ‘EM%‘W i)
AT

resistance compared with the conventional pigment dispersion, and this could be

applicable to high-durable printing material.*’

Comparing the inkjet printing of textile compared with conventional screen

printing, the systems impose some limitations in the number and gamut of shades that
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must be achieved, in fabric preparation, productivity, and cost. The underlying
principles of the formation of the colored pixels, which make up the printed designs
using an inkjet printer, have been studied both at the microscopic level and
colorimetrical points. The insight reasons for using of inkjet printing system for

textile are to help overcome misun etween designers, specifiers and the

their customers.*®

Basically, the pplication performs in a

similar manner to tra ;t' : scteen ink ‘\\ h the technology, it is
necessary to balance the b bt o ' t and thickening reagent.
Adaptation of these fac i 'i : o !a\*\ sitates reduced viscosity,
stability considerations, sm: tiele Size. dnd the ability to adjust surface tension as

required, should be less tha N “The “acryli Mnulsion copolymer with some

cross-linker improved wet/d rgokfastness as well as wash resistance. The acrylic

copolymer with a Tg ., r— i : ------------- " \ good balance between

5
e 8 TR RGN YR g e

cotton, polyesteaII cotton/polyester bJand and s11k were studled40 The effective

inse e PN -6 SRR H G 71,

UA150. The NK A12, NK M302, Vanatex S711 are acrylic resins, while the UA150

stiffness and crockfastr&. .k

1s a polyurethane type. It was found that the polymeric binders in the form emulsion
used as the aqueous-based inkjet inks containing a hydrophilic property and having a
good mechanical stability could give smooth ejection and ejection stability of the ink

on all fabrics. The hydrophilic/hydrophobic properties of the fabrics affect the print
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qualities. The ink penetration into the fabrics controls the stiffness of the printed
fabrics. The deep penetration of the ink into the fabrics gives the printed fabrics high
stiffness. The top surface of the hydrophilic fabrics would, of course, localize the ink.
The hydrophilic fabric yielded the lower crockfastness than that of the hydrophobic
ot Jof pigment/binder ratio produced by
& perty and the cotton printing.

The four different pigment-based.anks wer ared pigment dispersions were

polyester. Sapchookul®! studied

polymer dispersion, gapsulation, and surface

modification. Differe »1/0.5, 1/1 and 1/2 were

also investigated. In e effective parameters to

influence viscosity e color gamut volume and

crockfastness as found in the pi /2 P/B ratio. Poly(ethylene

; - r‘ L
oxide) as a pretraetment reagent ? he fabnc surface and occupied the

o sntributed to better air

4

L
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inter-fiber spaces gy |

permeability and ben> ‘
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